Aim of the study. Evaluation of differences in health-related fitness (H-RF) among adults residing in the Świętokrzyskie Voivodeship due to age and with regard to socioeconomic factors such as: level of education, place of residence and financial situation.
Introduction
At the end of the 20th century in the United States, researchers created the original concept of perceiving human physical fi tness in terms of health, the concept of so-called health-related fi tness (H-RF) [1] . According to Polish literature on the subject, there has been little research conducted among adults with regard to this concept [1] [2] [3] [4] [5] [6] [7] [8] [9] . Also important is the need to search for new formulas and impulses that enable people to develop their mindset aimed at self-realisation and taking responsibility for their health and its various aspects [10, 11] .
Health-related physical fi tness (H-RF) is an indicator of health. According to this concept, fi tness is determined by the objectives of all fi tness activities. Hence, desired behaviours affecting the levels of various components of fi tness are the way to achieve this fi tness [12] . Howley and Franks [cf. 1] emphasise that "the purpose of physical fi tness is positive physical health, which determines a low risk of health problems. The aim of achievements, thus, is the ability to engage in daily tasks with adequate energy and satisfactory participation in selected sports" (translation from Polish). Therefore, cardio-respiratory fi tness and measuring body composition (mainly body fat) are widely considered to be crucial in assessing optimal health [1] .
The components of physical fi tness mostly related to health include endurance, muscular strength and fl exibility [13, 14] . By endurance we mostly mean resistance to fatigue which is determined by the duration of exercise of submaximal intensity [15] . A measurement of endurance is maximum minute oxygen consump-tion (VO 2 max) or aerobic capacity examined in tests performed until a participant refuses (due to exhaustion) to continue them. Aerobic capacity characterises the effi ciency of circulatory and respiratory systems; therefore, it is considered the most important component of health-related fi tness, i.e., the concept of H-RF [16] [17] [18] [19] [20] .
Strength is known to be dependent on muscle mass, the ratio of white and red muscle fi bres, the ratio of bone levers, the number of motor units and the effi ciency of enzymatic mechanisms. Strength conditions the manifestation of all the constituent elements of human motor skills and is the basis and foundation of all physical efforts [1, 21] . It determines adaptability of the body, especially among adults and the elderly. The evaluation of human strength potential is usually done using accurate measuring instruments (laboratory tests) or motor tests, which allow for indirect assessment of human strength potential.
Today, the aim of examining fi tness of children and adolescents as well as adults is related to health and the full potential of a human. Therefore, tests are designed to create the motivation to not only achieve higher levels of fi tness, including physical activity, but to also change current and future lifestyles [22] [23] [24] . Tests should measure and develop positive attitudes and habits, teach self-evaluation and self-control and thus, encourage active lifestyles [25] [26] [27] [28] . H-RF may be integrated into a comprehensive, holistic model of health, as well as into health (prophylactic) training theory. The state of physical fi tness becomes a kind of measurement of positive health [7] . Therefore, for example, in the case of a morphological component, attention is paid to overweight and obesity as causes of diseases of affl uence. Obesity is known to be a metabolic disorder that has reached epidemic levels in developed and developing countries. It affects all age groups: children, adolescents and adults. The World Health Organization (WHO) named obesity a disease, which is one of the biggest health problems in the world. Researchers emphasise that being overweight and obesity are responsible for the occurrence of approximately 80% of diabetes, 65% of ischemic heart disease, and 55% of arterial hypertension cases [29] .
In assessing differences in physical fi tness, the impact of various socio-economic factors is taken into account [30] [31] [32] [33] [34] . These factors usually include the degree of urbanisation of place of residence, education level, family size, occupation, source of income (with regard to people living in rural areas), marital status, and sometimes the global index of living conditions "quality", the so-called socioeconomic status (SES). Therefore, the main objective of the present work was to assess differences in H-RF among adults residing in the Świętokrzyskie Voivodeship. Factors assessed included age and socioeconomic factors such as level of education, place of residence and fi nancial situation.
Materials and methods
The research was performed in the Świętokrzyskie Voivodeship from early March 2010 to mid-June 2010. Taking into account the representativeness of the sample and the possibility of conducting tests, facilities were selected from the following:
• Kielce universities that provide part-time courses;
• units of the Świętokrzyskie Vocational Education
Centre that provide training and professional development for adults.
The study involved a total of 1,032 people, aged 20-59 years, including 517 women and 515 men who represented various stratifi cation systems. Participants were divided into four age groups: 20-29, 30-39, 40-49, and 50-59, with a similar average age of men and women being, respectively, 22.6, 34.9, 44.8, and 54.4 (Table 1) . These age cohorts were chosen because they were connected with signifi cant periods in human life [35] ; additionally, their selection allowed for different comparisons. In terms of education, four groups were distinguished: primary and basic vocational education (these two groups were joined due to a small number of people with primary education); secondary education; incomplete higher education, which was comprised of various forms of post-secondary education; and higher education. Among the respondents, the largest group consisted of people with secondary education: 37.8%. This was followed by primary and basic vocational education: 29.3%. Higher education characterised 19.4% of the participants; incomplete higher education (postsecondary): 13.5% (Table 2) . Within the urbanisation variable, three social environments were distinguished depending on participants' permanent place of residence rural areas, a small town; or a large city (greater than 100,000 inhabitants). People living in rural areas accounted for 42.3% of the respondents; residents of small towns, 32.7%; residents of large cities, 25.0% (Table 3) . With regard to place of residence, this largely refl ects the structure of the Polish population, especially in the Świętokrzyskie Voivodeship (Table 3) .
Within the fi nancial situation, three categories were distinguished: good, average and bad. A good fi nancial situation was reported by 19.6% of the participants; average, 60.4%; bad, 20.0%. The studied group was, thus, strongly dominated by people who declared an average fi nancial situation, while similar percentages of the respondents declared good and bad fi nancial situations which largely confi rmed the representativeness of these studies.
People selected in the chosen institutions had to give their consent to participate in the research. Absence of medical contraindications to perform stress tests was the primary criterion for admission into the study. This criterion was taken into account at an interview, during which each participant was informed about the ability to stop a test at any time for any reason. All tests were conducted in appropriately prepared indoor spaces, such as gymnasiums and common rooms, usually on Saturdays until noon. Participants were dressed in sports clothes or took off their outer garments and footwear. Anthropometric measurements and the results of fi tness tests were recorded on individual research cards.
Body height was measured with an anthropometer with an accuracy of 1 mm; body mass was measured with the "Seca" mechanical scale with an accuracy of 100 g; and the waist and hip circumferences were measured using a tailor's tape. The measurements of these parameters were used to calculate: -Proper body mass index (BMI), according to the formula [36] : body mass in kilograms / body height in square metres; -WHR indicator -waist circumference in centimetres / hip circumference in centimetres [37] , which determines the distribution of adipose tissue. Values above 0.8 in women and 1.0 in men are manifestations of central adiposity (visceral fat); -WHtR indicator -waist circumference in centimetres / body height in centimetres, which is the second most important indicator of body fat distribution [38] .
Four components were used to assess health-related fi tness (H-RF), namely: morphological, muscular, motor and cardio-respiratory. 1. With regard to morphological components, basic somatic features were taken into account, i.e. body height and mass, as well as BMI, WHR and WHtR indicators. 2. With regard to muscular components, static force and dynamic force, as well as power were assessed by performing: -handgrip strength tests [39, 40] consisted of squeezing a dynamometer with maximum strength without touching the body (static force) using the more effi cient arm hanging by the side of the body. A Collin-type dynamometer was used and strength was measured with an accuracy of 1 kgf; -upper extremity strength tests [39, 40] consisted of fl exing and extending the arms in support. The number of repetitions in 30 s (dynamic force) was taken into account. Men performed this test in front support, with their legs straight and hands arranged parallel to the fl oor at shoulder level, while women leaned on their knees, with their legs bent at a right angle at the knee joints; -power test [39, 40] , i.e. test of standing long jump from both feet (explosive power). 3. With regard to motor components, agility and speed of the upper extremity movement were assessed by taking into account: -agility test [39] -zigzag run (5 × 3m); -the upper extremity movement speed test [39] consisted of touching the points marked at a distance of 50 cm from the contact of the table top with the wall, using the hand of the more effi cient arm, as fast as possible. Result was the number of full cycles performed in 20 s. 4. In the assessment of cardio-respiratory components, only a step-up test was considered. This allowed for the assessment of endurance [40] . A participant stepped onto and off of a 30 cm high step for 5 minutes at the rate of 30 steps per minute. On the basis of three pulse measurements taken after having fi nished the test following one, two and three minutes of rest, fi tness index (FI) was calculated according to the formula: FI = step time in seconds × 100 2 × the sum of 3 pulse measurements
All quotient values were standardised for men and women separately. For this purpose, a polynomial of degree 5 was found for each variable and because of age, standardised rest of this polynomial was taken into account. They were dimensionless quantities, their mean was zero and the standard deviation was close to one. The exclusion of the effects of age allowed for assessing the impact of various socioeconomic factors for each gender separately.
One-way analysis of variance and Spearman's rank correlation coeffi cient were applied in the calculations. Matrix of Spearman's rank correlation was computed between the standardised results and categorised variables. All calculations were performed using STATISTICA 8.0 and statistical signifi cance was determined at the level of p ≤ .01 and p ≤ .05.
Results
Given the morphological components, it was observed that age was a factor very signifi cantly differentiating the body height of women (Table 4 ) and men ( Table 5 ). The youngest people were characterised by the highest mean values, while in the older age groups, the mean values of body height for men and women were increasingly smaller. In contrast, the average body mass was largest among the oldest women and in younger age groups, particularly in the groups of people aged 20-29 and 30-39, average body mass was signifi cantly smaller (Table 4) . Among male participants, men aged 40-49 had the highest mean values of body mass, whereas the youngest, aged 20-29, had the lowest mean values of body mass ( Table 5) .
The oldest women were characterised by the highest mean values of waist circumference and hip circumference, while the youngest women -the lowest (Table  4) . Similarly in men, the oldest men were characterised by the highest mean values of waist circumference, while the youngest men -the lowest (20-29 years) . In contrast, men in their twenties had the highest mean values of hip circumference, whereas men in their forties -the lowest (Table 5 ). It should be emphasised that for all somatic features, except for body mass, age was a factor very signifi cantly differentiating these values (Table 4 and 5). Only body mass in men showed little variation due to age which suggests that this parameter is infl uenced by a number of very different factors that can accumulate or level each other ( Table 5 ).
The highest mean values of proper body mass (BMI) were recorded in the oldest age group of women, and the lowest in the youngest. The assessment of BMI by the WHO classifi cation [40] indicates that more than 50% of the studied women had normal mass, 35.6% were overweight and 9.3% were obese ( Figure 1 ). It is signifi cant that a large proportion (15.8%) of the youngest women were underweight, while the vast majority (73.3%) were characterised by normal body mass. Both overweight and obese signifi cantly increased in women with age: overweight rose from 8.5% in the youngest up to 66.7% in the oldest and obese increased from 2.4% to 14.9 % (Figure 1 ). Statistically signifi cant differences in the values of waist circumference and hip circumference between age groups of women were connected with signifi cant differences in WHR. The smallest average waist-to-hip ratio was observed in the youngest group of women and the largest in the oldest, which indicates that central adiposity (visceral fat) increased with age ( The smallest average ratio of waist circumference to body height (WHtR), indicating a more peripheral type of fat distribution, also appeared in the youngest age group of women and the largest in the oldest (Table 4) . Mean values of BMI indicated that 42.2% of the examined men had normal body mass; 50.2% were overweight; 7.2% were obese. Overweight signifi cantly increased with age: it ranged from 30.9% among men in their twenties to 69.7% among men in their fi fties. Therefore, the highest percentage of obese men occurred in the oldest age group (Figure 2) . Signifi cant differences in the values of waist circumference and hip circumference are refl ected in the differences in WHR. The smallest average ratio of waist to hip circumference was in the group of the youngest men; the largest in the two oldest age groups. Abdominal obesity occurred in 22.0% of men; normal body fat distribution, i.e. peripheral in 78.0%. The mean values of WHR clearly increased with age: from 2.2% in the youngest group of men to 36.1% in the oldest. Similar differences were also evident in the values of WHtR, as the smallest average ratio of waist circumference to body height, indicating a more peripheral type of fat distribution, was seen in the youngest men and the largest in the oldest (Table 5) .
In analysing the muscular, motor and cardio-respiratory components, it can be observed that women in their forties were characterised by the highest mean values of static force, while women in their twentiesthe lowest. Women in their thirties had the highest mean values of dynamic force, whereas women in their fi fties -the lowest (Table 6 ). With regard to power (standing long jump), the highest mean values were reached by the youngest women and the smallest by the oldest women. These results clearly indicated that static force in women kept growing, while dynamic force reached its peak of development in the younger age groups.
The best average results in the tests of agility and speed (zig zag run 5 m × 3 m) were reached by women in their thirties and the weakest by women in their fi fties. The fastest hand movements were noted among the youngest women and the slowest among the oldest women. The youngest women also had the highest mean values of fi tness index (step-up test), while the oldest women obtained the lowest values. Age was a factor very signifi cantly differentiating almost all the mean values defi ning various components of physical fi tness in women (Table 6) .
Men aged 40-49 were characterised by the largest static force, while men aged 40-49 -the smallest. The highest mean values of dynamic force were observed among men in the youngest age group and the lowest -among the oldest. Just as with regards to power (standing long jump) and agility (zig zag run), and the speed of hand movements, the best average results were obtained by the youngest men, while the weakest by the oldest. The highest mean values of fi tness index (FI), which is a measure of endurance, were reached by men aged 30-39; the lowest by the oldest men aged 50-59. Similar to women, age was a factor very signifi - cantly differentiating all components of physical fi tness in men ( Table 7) . Analysis of variance showed that fi nancial situation, place of residence and level of education were factors that signifi cantly differentiated various morphological components of physical fi tness in men (especially the average body height and mass, but also the values of BMI, WHR, and WHtR). Differences among women were much smaller and mainly concerned body height and WHtR. In relation to level of education, differences also included BMI and WHR (Table 8) . With regard to men, these relationships meant that living in the city, increased levels of education and better fi nancial situations were not only accompanied by higher mean val- ues of body height but also by more desirable values of both proper body mass and the indicators of body fat distribution. A higher degree of urbanisation of residential environment was connected with larger mean values of WHR in women and with more robust body build in men (greater relative body mass). In contrast, the level of education in relation to these indicators showed an inversely proportional relationship. Women with higher level of education had slender, more linear fi gures, while no such link was found in men. In addition, better fi nancial situation of women were associated with more desirable morphological components of physical fi tness and health-related characteristics of the body (Table 8) .
Analysis of variance showed statistically signifi cant relationships between place of residence and nearly all muscular and motor components of physical fi tness of women except for the results of agility and speed tests (zigzag run). Level of education was also a factor strongly differentiating various muscular and motor components of physical fi tness of women and men. Only with regard to cardio-respiratory component, i.e., endurance determined on the basis of a step-up test, the differences were signifi cantly smaller in women, while such a relationship was not found in men at all (Table 9 ). Financial situation also showed a relationship with the majority of of health-related fi tness components (H-RF) both in men and women. This is probably connected with education which is, in turn, associated with fi nancial situation. Thus, these factors had a similar direction of relationship (Table 9) .
Statistically signifi cant relationships of the level of education were observed with regard to almost all components of physical fi tness of men and women except for endurance (step-up test). Higher education level was signifi cantly connected with especially greater agility, as with faster muscle mobilisation, determined on the basis of a zig zag run. It is worth emphasising that an almost directly proportional and inversely proportional relationship was observed, between the fi nancial situation and the majority of the muscular, motor and cardio-respiratory components analysed in the study among both women and men (Table 10) . Financial situation of women showed a relationship with static force, speed of hand movements, and power wherein this relationship was inversely proportional, and therefore a worse fi nancial situation was connected with obtaining better results in these tests (Table 10) . This was similar in the case of men; however, better fi nancial situation was associated with worse results obtained in the agility and speed tests, as well as in static force, speed of hand movements, dynamic force and power tests.
Discussion
In this paper, according to the general assumptions of health-related fi tness, morphological, muscular, motor and cardio-respiratory components were examined. Relatively simple tools that can be used in population studies were applied. On the one hand, this allowed for the evaluation of those aspects of physical fi tness of adults that are related to health. On the other, this gave an opportunity to not only evaluate the differences with respect to age, but also to socioeconomic factors such as level of education, place of residence and fi nancial situation.
Although our studies were cross-sectional in nature, certain trends frequently emphasised in literature could be observed. Taking these trends into account, it may be concluded that a decrease in the mean values of body height among men and women in older age groups is on the one hand connected, with regressive and involutional changes that start from around 40 years of age [40] , and on the other, with intergenerational changes contributing to an increase in the mean values of body height by approximately 10% in women and 12% in men over the past 100 years [41] . A fact that supports this thesis is that the mean values of body height of the surveyed men and women in different age groups were similar to the measurements in research by other authors [42] [43] [44] and, as mentioned earlier, had the same tendency, i.e. to decrease with age. Exactly the opposite situation was observed with regard to mass because the youngest age groups of men and women were characterised by the lowest mean values, while the oldest -the highest. Only in the group of men in their fi fties was body mass slightly smaller than in the group of men in their forties. This has been confi rmed in studies by other authors [45] . In almost all morphological components, age was a factor very signifi cantly differentiating these values. Only body mass in men showed little differences due to age which should be regarded as a desired effect as it is a feature remaining under the infl uence of a variety of factors acting in different directions. In addressing social differentiation of various morphological components of physical fi tness among adults, the impact of a variety of environmental factors and their aggregate, i.e. group, infl uence should be taken into account [46] . Furthermore, the impact of these factors is solely indirect in general; hence, considering the impact of various factors on the development of different components of health-related fi tness is a mental shortcut because in reality, there is never one isolated factor that acts alone [46] . Spearman's rank correlation coeffi cients showed that the mean values of BMI, WHR and WHtR increased along with decreasing levels of women's education. Yet in men, a higher level of education was connected with signifi cantly higher mean values of these indicators, which largely confi rmed the fi ndings of other authors [42, 43, 44, 47] . This pointed to a lower level of awareness and less hygienic lifestyle among men, consequently causing many serious health problems, particularly evident in the form of excess mortality of men.
Excessive body mass is known to be a risk factor in the occurrence of diseases of affl uence, which include arterial hypertension, coronary heart disease and diabetes. The performed studies showed a similar trend, visible in both men and women. BMI in adults should be in the range of 18.5-24.9 kg/m 2 . The index between 25 and 29.9 means overweight; 30 and greater indicates obesity. The nationwide research conducted by Szponar et al. in Poland [43] showed that 74% of women had a normal body mass, 11.3% were overweight, and 3.3% were obese.
In addition to obesity, the high percentage of young women characterised by underweight (15.8%) is alarming. Research performed by IŻiŻ in Warsaw [43] showed that body mass was not large enough (BMI < 18.5 kg/ m 2 ) in 11% of Polish women aged 19-29. It seems that the reasons for this can be found in the promotion of slim women in the media. Considering the impact of the somatic components on health, it should be noted that not only are there risks caused by excessive body mass but also, especially in relation to young women, health risks arising from insuffi cient body mass. Risks involve, among others, electrolyte fl uid imbalance, osteoporosis, reduced bone mass, susceptibility to fractures, muscular atrophy, cardiac arrhythmias or even sudden death [48, 49] . In addition, it is emphasised that a BMI below 19.0 [kg/m 2 ] has an adverse effect on fertility and negatively affects the reproductive capabilities of women [50, 51] .
Qualitative analyses of adiposity and fat distribution (WHR and WHtR) complemented the interpretation of BMI. Both indicators clearly increased with age. Moreover, signifi cant differences were observed in abdominal obesity (visceral fat) in women (57.7%) and men (22.0%). Infl uence of body fat distribution on various health indicators is not only connected with the occurrence of diseases and mortality but it is also closely linked with other components of H-RF. Furthermore, a decline in the evaluation of fi tness and health occurs among people with relatively high BMI compared to those of lower proper body mass.
When assessing H-RF, it was observed that the mean values of the different muscular, motor and cardio-respiratory components decreased in subsequent age groups. Differences with regard to dynamic force and speed were larger than with regard to static force and endurance. In the static force test (handgrip strength test), the highest mean values were recorded for participants aged 40-49, and the lowest mean values in the youngest group of women. Differences in body mass could have affected the results. The mean values of upper extremity strength (dynamic force) of the surveyed women increased with age (up to the age of 30) and remained at almost the same level to the age of 50 and then signifi cantly declined. With regard to the power test (standing long jump), an almost linear decrease was observed with age, which is probably associated with a signifi cant increase of body mass and adiposity, as well as a decrease of physical activity contributing to the acceleration of ageing process.
